ABSTRACT Aims/Introduction: Visfatin is a newly discovered adipocytokine hormone, which exerts an insulin-like effect by binding to the insulin receptor-1. However, the role of visfatin in human gestational diabetes mellitus (GDM) remains controversial. The purpose of the present study was to investigate the correlation between serum visfatin and metabolism of glucose and lipid in GDM. Materials and Methods: This was a prospective study. A total of 38 GDM patients and 35 age-and body mass index-matched controls were studied between January 2012 and October 2013. Fasting serum levels of visfatin, fasting plasma glucose, hemoglobin A1c and lipid profile were measured. Two-tailed t-tests and Pearson's correlation coefficient were used to analyze the data. Results: Perinatal visfatin levels were negatively correlated with fasting plasma glucose, insulin resistance index and triglycerides in controls (r = -0.47, -0.51, -0.57, respectively; P < 0.05), and positively correlated with high-density lipoprotein cholesterol (r = 0.32, P < 0.05). A positive correlation with visfatin level only appeared in weight gain and body mass index in women with GDM (r = 0.36, 0.45, respectively; P < 0.05).
INTRODUCTION
Adipocytokines, the bioactive proteins produced by adipose tissue, have recently been implicated in mediating insulin resistance (IR) 1 . It has been suggested that hormones secreted by the placenta and cytokines secreted by adipose tissues are related to the development of IR during pregnancy, possibly playing an important role in the pathogenesis of gestational diabetes mellitus (GDM) 1 . Visfatin is a newly discovered 52 kDa adipocytokine hormone in humans, and is preferentially produced by visceral adipose tissue [2] [3] [4] [5] [6] . It exerts an insulin-like effect by binding to the insulin receptor-1. Thus, visfatin is able to cause hypoglycemia through a combined mechanism involving the reduction of glycogenolysis in hepatocytes, and stimulation of glucose utilization in adipocytes and myocytes through downstream signaling 2 . A firm correlation has been previously established between plasma visfatin levels and type 2 diabetes mellitus, and recent research also suggests that circulating maternal visfatin levels could play a role in the development GDM 3 . Pregnancy presents a unique situation in which transient physiological insulin resistance, approaching levels observed in type 2 diabetes mellitus patients, often forms in order to facilitate nutrient delivery to the developing fetus 3 . Notably, pregnancy is also associated with the most dramatic increase in adipose tissue observed during adulthood 1 . Both IR and reduced insulin secretion in gestational diabetes mellitus (GDM) have been linked to genetic traits, though IR is generally considered to play the dominant role 7 . Though the role of visfatin in human GDM remains controversial, it is likely that visfatin is involved in the pathogenesis of GDM. In fact, circulating maternal visfatin concentrations of the plasma and serum have been reported to be both higher 3, [8] [9] [10] and lower 11, 12 in GDM patients compared with healthy pregnant women by different studies, contributing to the controversial role of visfatin in GDM. Interestingly, higher levels of circulating maternal visfatin have been observed in patients with fetal growth restriction than in patients with an appropriate-for-gestational-age neonate, suggesting a possible correlation between insulin resistance associated with GDM and fetal growth 3 . The present study investigates the possible association between visfatin and GDM using measurement of visfatin, body mass index (BMI), blood lipids and blood glucose in pregnant females with GDM compared with normal pregnant women. The present analysis was designed to provide further information pertaining to the role of visfatin in GDM.
MATERIALS AND METHODS

Participants
The protocols in the present study were approved by Women's Hospital Ethics Committee of School of Medicine, Zhejiang University (Hangzhou, China; Approval ID: 20120016). Written informed consent was obtained from patients.
A total of 38 pregnant women with GDM (age 28 -4.1 years; BMI 32.1 -2.2 kg/m 2 ) and 35 age-and body mass index-matched controls (age 29 -3.2 years; BMI 29.4 -3.2 kg/m 2 ) were recruited for the present study between gestational weeks 24 and 28. All participants were recruited while undergoing regular prenatal examinations between January 2012 and October 2013. GDM was diagnosed during gestational weeks 24-28 according to the American Diabetes Association diagnostic criteria (2011) 13 . All participants completed pregnancy in gestational weeks 37-40. Perinatal baseline data for all participants are presented in Table 1 .
Subjects were excluded from the study in the case of multiple pregnancies; history of or present cardiovascular disease, hypertensive disorders, liver disease, or kidney disease; current or persistent infection; pre-pregnancy diabetes; and thyroid disease. All women included in the study were at low risk, as indicated by Down's screening and 3-D ultrasonography during pregnancy. All participants provided written informed consent before participating in the study, and the study design and procedures were approved by our institution.
Sample collection and assessment
Standard clinical procedures were used to measure BMI (kg/ m 2 ) before and after pregnancy. Before-pregnancy data were taken, as necessary, from patient records collected during previous routine prenatal appointments. Total weight gain during pregnancy was similarly calculated using weight measurements collected during routine clinical visits.
Fasting blood samples were taken from all participants on the day of delivery. All samples were kept at room temperature for at least 30 min to allow the blood to clot, and were then centrifuged at 2000 g for 15 min. Serum was collected and stored at -80°C until assay. Serum visfatin concentration was determined with enzyme-linked immunosorbent assay (EK-003-80; Phoenix Pharmaceuticals, Burlingame, CA, USA).
Homeostasis Model of Assessment -Insulin Resistance (HOMA-IR) was determined using a homeostasis model, as previously described, wherein 14 : HOMA = fasting plasma glucose 9 fasting insulin/22.5. Fasting plasma glucose (FPG), fasting insulin (FINS), hemoglobin A1c (HbA1c), total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) were subsequently measured by using routine laboratory methods.
Statistical analysis
The data were presented as means -standard deviations. Twotailed t-tests were used to analyze differences between the control and GDM group. P-values less than 0.05 were considered statistically significant (P < 0.05). The magnitude of correlations was determined by Pearson's correlation coefficient. P < 0.05 was considered statistically significant. All the data were analyzed by statistical package Prism 3.0 (GraphPad software, San Diego, CA, USA).
RESULTS
Comparison of clinical data
Age, gestational week, parity, gravidity and pre-pregnancy BMI were recorded for all participants. A comparison of these parameters showed no significant differences between the GDM and control groups. Notably, the GDM group showed significantly higher weight gain and BMI at childbirth than the control group (P < 0.05; Table 1 ).
Visfatin was detected in the serum of all participants. Pre-delivery serum visfatin, FPG, FINS, HbA1c, TG, LDL and HOMA-IR were significantly higher in the GDM group than in the control group (P < 0.05). Only HDL-C was significantly lower in the GDM group than in the control group (P < 0.05).
No differences were observed in TC levels between two groups (Tables 2 and 3 ).
Correlation analyses
Visfatin was negatively correlated with FBG, HOMA-IR and TG in the control group (r = -0.47, -0.51, -0.57, respectively; P < 0.05; Figure 1a -c). Visfatin was also positively correlated with HDL-C (r = 0.32; P < 0.05; Figure 1d ). No statistically significant correlations were shown between visfatin and any of the indicators in the GDM group; however, visfatin was shown to be positively correlated with pregnancy weight gain and BMI at childbirth in women with GDM (r = 0.36, 0.45 respectively; P < 0.05; Figure 1e ,f).
DISCUSSION
Elevated serum levels of the adipocytokine visfatin, increased weight gain and higher BMI were observed in GDM patients. These findings suggest that the insulin-like hypoglycemic effect of visfatin of the GDM patients is damaged, which leads to elevated glucose levels. This might be involved in the pathogenesis and development of GDM. Although the full mechanisms behind this process are not fully understood, these results confirm the link between GDM and increased visfatin levels. These data will aid in resolving the current controversy surrounding visfatin in GDM development and pathogenesis. While stable visfatin levels are normally observed in the serum of pregnant women, gradually increasing serum visfatin levels are characteristic of gestational weeks 24-28, the period generally referred to as mid-pregnancy 9 . This effect is most pronounced in normal pregnant women, with a progressively smaller response observed in women with pregnancy-impaired glucose tolerance or GDM. Furthermore, mid-pregnancy visfatin levels generally show a positive correlation with HOMA, fasting insulin levels and blood glucose levels 2 h after dextrose administration 9 . These observations provided the initial foundation for the hypothesis that visfatin possessed insulin-like effects that might serve an important function during pregnancy. Coupled with the current findings, these observations suggest that visfatin is likely to play a protective role, providing an additional response to hyperglycemia during pregnancy.
Visfatin could also impact insulin sensitivity, as evidenced by observations that women with GDM show more severe IR than normal pregnant women 15 . The increase of visfatin in GDM might be a feedback or compensation mechanism that functions in maintenance of the normal metabolic balance. The role of visfatin in insulin sensitivity in GDM patients is supported by previously identified polymorphisms in the visfatin gene that have been clearly associated with insulin resistance in type 2 diabetes mellitus 16 . Furthermore, in vivo studies in humans have shown that hyperglycemia increases circulating visfatin concentrations 17 . Therefore, visfatin could act by a similar mechanism during pregnancy. The current study supports these findings, as serum visfatin levels were shown to be associated with increased blood glucose levels and HOMA-IR scores.
Pregnancy-induced weight gain and BMI at childbirth were significantly higher in the GDM group than in the control group of the present study, indicating a positive correlation with serum visfatin levels. This finding suggests that excessive pregnancy weight gain in the GDM group might be related to increased visfatin levels. During periods of dramatically increased weight gain, characteristic of pregnancy, abnormal growth and proliferation of adipocytes could result in an abundance of metabolically active adipocytes, leading to hypoxic conditions. It has been proposed that the additional secretion of the adipocytokine visfatin is a response to this stressor, providing a means for prevention of hypoglycemia in this altered environment 18 . This hypothesis would also explain the substantially increased risk for GDM observed in obese patients 19 . Thus, high levels of adipose tissue as a result of weight gain or obesity could stimulate overproduction of visfatin, though this mechanism has yet to be characterized.
Circulating maternal visfatin has been shown to exert a wide range of autocrine and paracrine effects during pregnancy. During GDM, failure to maintain normal glucose levels might result in long-term hyperglycemia, further stimulating visfatin secretion as an attempt to regulate glucose and lipid metabolism. These increased visfatin levels might exert other effects, such as increasing the risk of pre-eclampsia, and affecting secre- tion of the related adipocytokines leptin and adiponectin 20 . Visfatin might also promote differentiation and maturation of preadipocytes, further promoting glucose transport, lipogenesis and accumulation in visceral fat 21 . Cumulatively, these effects all contribute to excessive pregnancy weight gain, consistent with the observed weight gain increases in women with GDM.
A small increase in blood lipids during normal pregnancy, generally followed by a reduction to levels below the pre-pregnancy levels during the post-natal period, might benefit the mother and provide additional energy to the fetus 22 . Although alterations in lipid levels are considered normal for growth and development during pregnancy, women with GDM show abnormal lipid changes, including chylomicron formation, inhibited degradation of TG in very low-density lipoprotein and increased very low-density lipoprotein synthesis 23 . The result of these factors is an increase in TG, LDL-C, very lowdensity lipoprotein and a decrease in HDL-C. The current study observed elevated TG and LDL in women with GDM, though HDL levels remained low. While these results are consistent with previous findings, the between-group difference in TC values was not statistically significant, possibly as a result of measurement error or the relatively small cohort examined in the current study. Similar studies involving larger cohorts will be necessary to confirm these findings.
Akturk et al. 24 compared the relationship between visfatin and blood lipid in the GDM group and normal control group in the late-pregnancy period. They found that plasma visfatin levels were significantly decreased in pregnant women with GDM compared with those with NGT. They did not observe any statistically significant correlation between the plasma visfatin levels and the selected parameters in the GDM group. It is inconsistent with the current study, maybe because of the different races and determination method between the two studies. However, by regression analysis, their study showed that having GDM was found to be the only significant determinant of visfatin concentration. Their study supports the hypothesis that visfatin is involved in the regulation of abnormal glucose and lipid metabolism in the GDM women.
As an adipocytokine, visfatin could promote the deposition and differentiation of TG in the adipocytes of normal pregnant females through the autocrine and paracrine glands of splanchnic tissues 21 , resulting in a negative correlation with TG levels. Although visfatin secretion is increased in women with GDM, its secretion cannot compensate for the relative deficiency of insulin because of more severe IR than the normal control group. The correlation between visfatin and glucose or lipid levels in the present study is absent, so glucose and lipid metabolic disorder is the final performance. IR can exist in normal pregnancy, but visfatin exerts an insulin-like function in glucose level regulation, which can maintain stable blood glucose or lipid and normal lipid metabolism function. Therefore, visfatin levels in late pregnancy are related to the underlying glucose and lipid metabolism index, and function to maintain blood glucose lipid metabolism. Visfatin is associated with glucose or lipid metabolic disorder of GDM, but specific regulatory mechanism needs to be further studied.
Although circulating maternal visfatin serum levels, BMI and weight gain were observed to be substantially increased in women with GDM at the time of childbirth, both glucose and lipid metabolism remained abnormal. These observations suggest that visfatin and its mechanistic pathway might be related to the development and progression of GDM. Further investigation will be required to more fully determine the association between visfatin levels, glucose and blood lipids. Additionally, further characterization of the mechanism of visfatin expression, regulation, and secretion in placental tissue and adipocytes will be required in order to develop a complete understanding of the relationship between visfatin and GDM.
